The utility of the focused assessment with sonography for trauma (FAST) examination in children is unknown.
T he focused assessment with sonography for trauma (FAST) examination is used in the evaluation of injured patients, with the goal of identifying hemoperitoneum associated with intra-abdominal injuries. Most research regarding the FAST examination has involved injured adults. [1] [2] [3] Advantages of the FAST examination compared with computed tomography (CT) include bedside availability during emergency department (ED) evaluation or resuscitation, rapid completion, ability for serial examinations, performance and interpretation by ED physicians, and lack of exposure to radiation. Although the sensitivity of the FAST examination for detecting hemoperitoneum in children is inferior to CT, 4 its use may safely decrease abdominal CT in selected patients. 5, 6 Evidence from randomized clinical trials involving adults indicates that incorporating the FAST examination during the initial evaluation resulted in decreased abdominal CT use, hospital lengths of stay (LOSs), complications, and hospital charges. 5, 6 The FAST examination is not routinely used in the initial evaluation of injured children, perhaps reflecting the absence of randomized clinical trials involving children. A 1999 survey of pediatric emergency medicine physicians suggested that the FAST examination was used for less than 15% of injured children evaluated for possible intra-abdominal injuries. 7 Similarly, in a 2007-2010 observational study conducted in the Pediatric Emergency Care Applied Research Network the FAST examination was used for 14% of children with blunt torso trauma. 8 The objective of this study was to determine if the FAST examination performed during the initial evaluation of hemodynamically stable children with blunt torso trauma decreases abdominal CT use, ED LOS, and hospital charges without significantly increasing missed intra-abdominal injuries. It was hypothesized that evaluating children with blunt torso trauma with the FAST examination would result in improved care and reduced costs.
Methods

Study Design and Setting
This randomized, nonblinded clinical trial involving children with blunt torso trauma was conducted at the University of California, Davis Medical Center, a large urban, level I pediatric trauma center (April 2012-May 2015). The local institutional review board approved the study (See the Supplement for the study protocol). Once guardians of enrolled patients arrived in the ED, they consented to participate in a telephone follow-up.
Selection of Participants
Hemodynamically stable children and adolescents (<18 years) with blunt torso trauma presenting to the ED within 24 hours of the traumatic event were eligible. Inclusion and exclusion criteria (Box) were designed to identify a study population with an approximate 5% risk of intra-abdominal injury. 9 To assess for enrollment bias, we collected basic information from all eligible patients who were not enrolled.
Intervention
Children were stratified into 3 age categories (< 3 years, 3-9.99 years, and ≥10 years) and randomized in blocks of 20 within these age cohorts. The allocation schedule was generated using random number functions in SAS software by the statistician. Bedside FAST examinations were performed on patients randomized to the FAST group by the ED physicians providing care. All ED physicians participating in this study were required to be certified in performing FAST examinations based on guidelines of the American College of Emergency Physicians. 10 FAST examinations were performed using a portable ultrasound scanner with 3.5 MHz and 5.0 MHz transducers (Zonare Z One Ultra, Mindray). Patients underwent standard FAST examinations including views of the Morison pouch, the splenorenal fossa, long and short axis of the pelvis, and subxyphoid views. No attempts to image the solid organs or intraperitoneal gutters were made because these views are not routine in the FAST examination. 1, 2 All FAST examinations were uploaded and backed up on a server. Emergency department physicians caring for the patients made bedside interpretations and recorded them on the data collection forms and on the ultrasound at the time of imaging. Bedside FAST examination results were classified as positive if any intraperitoneal fluid was identified or negative if no such fluid was noted. FAST examinations were categorized as indeterminate if the bedside physician was unable to make a definitive determination. For study purposes, all FAST examination results were presented for interpretation to 1 of 2 experienced ED ultrasonographers (K.M.K., J.S.R.). These reviewers were masked to all clinical data and categorized FAST examinations as positive, negative, or indeterminate for intraperitoneal fluid.
Data Collection
Emergency department physicians completed data collection forms at the initial evaluation and documented pertinent patient history and physical examination findings. All efforts were made to minimize missing data during ED data collection. Physicians documented their suspicion of intraabdominal injury, both before and after the FAST examination (in the FAST group), as one of the following: less than 1%, 1% to 5%, 6% to 10%, 11% to 50%, or more than 50%. In addition, physicians documented whether the FAST examination
Key Points
Question Does the focused assessment with sonography for trauma (FAST) examination safely improve care when used in the emergency department (ED) evaluation of hemodynamically stable children with blunt torso trauma?
Findings In this trial of 925 hemodynamically stable children with blunt torso trauma, randomization to the FAST vs standard trauma examination did not result in significant improvement in the rate of abdominal computed tomographic scans, time in the ED, hospital charges, or missed intra-abdominal injuries vs children randomized to standard trauma evaluation.
Meaning
The study findings do not support the routine use of FAST in the ED for hemodynamically stable children with blunt torso trauma.
results changed their decision to obtain an abdominal CT scan. Patient cases were managed by ED physicians, along with pediatric surgeons, trauma surgeons, or both. Interactions between physicians were not dictated by study protocol. No protocol for obtaining abdominal CT was in place during the study.
Patients were hospitalized at the discretion of the treating physicians. Data from hospitalized patients' electronic medical records were collected for determination of outcomes by research coordinators masked to randomization group. For those patients discharged from the ED, the guardians were contacted 1 week after the ED visit. The telephone survey assessed for any possible missed intra-abdominal injuries or abdominal CT scans performed after the ED visit. For those guardians unable to be contacted after 6 telephone attempts, the patient's medical records and ED and trauma process improvement records were reviewed to identify any patients with possible missed injuries.
Outcome Measures
The primary outcome measures were the rate of abdominal CT use, missed intra-abdominal injuries, ED LOS, and hospital charges. Abdominal CT use was defined as the proportion of patients undergoing abdominal CT scans during their ED evaluation or hospitalization. A missed intra-abdominal injury was defined by diagnosis of such an injury after the patient left the ED. The ED LOS was defined as the time from ED arrival to disposition determination (ie, writing of admission or discharge orders). Hospital charges were collected from the study site's billing office and reflect the total charges for the index ED visit and hospitalization (if hospitalized).
Additional nonprespecified outcome data collected included time to abdominal CT, hospital LOS, and physician suspicion of intra-abdominal injury before and after the FAST examination (for patients in the FAST group). Time to abdominal CT was defined as the time from ED arrival to CT imaging.
Statistical Analysis and Sample Size Calculation
Sample size calculations were made a priori for all primary outcome measures except missed intra-abdominal injury (due to its expected infrequency). All sample size calculations assumed an α of .05, under 2-sided hypothesis testing, and β error of .20 (power = 80%).
A 1-hour decrease in ED LOS was considered clinically important. Based on preliminary data from the study site including a hospitalization rate of 64% and a mean ED LOS of 8.1 (SD, 4) hours for hospitalized patients and 5.1 (SD, 3) hours for discharged patients, a 1-hour decrease in ED LOS would require 504 admitted patients and 284 discharged patients (788 total patients). This would allow detection of important differences in analyses stratified by admission status in the hospitalized and nonhospitalized patients, respectively. A 10 percentage-point reduction in the abdominal CT rate was considered clinically important and feasible based on prior studies demonstrating a 16 percentage-point CT reduction in injured adults and a 13 percentage-point reduction in injured children with the use of the FAST examination. 6, 8 Based on preliminary data demonstrating an abdominal CT rate of 60% among injured children, a sample size of 776 patients was required. A 15% charge reduction (the charge for 1 abdominal CT scan) was considered important. Based on preliminary data demonstrating mean charges of $36 491 (SD, $29 537), 916 patients were required to detect the hypothesized reduction of $5474. Hence, the latter outcome necessitated setting our target sample size to 916. Missing data were minimal; therefore, no statistical imputation was performed. All continuous data except for hospital charges were described as the mean and 1 SD and compared using the t test. Hospital charges had a skewed distribution and thus were reported as the median with first and third quartiles (interquartile range [IQR] ) and compared them using quantile regression. Categorical data were compared using the χ 2 test for association, unless any expected cell frequencies were less than 5, when the Fisher exact test was used. Agreement between the ED physician and the ED ultrasound expert was measured with a weighted κ (95% CI) for agreement (using the default Chichetti-Allison weights 
Results
Twelve hundred fifty patients met eligibility criteria during the study. Of these, 925 (74%) were enrolled into the study ( Figure 1 ) and comprised the study population. Mean age was 9. 
Coprimary Outcomes
No significant differences between groups were identified in the rates of abdominal CT scans (difference, −2.2%; 95% CI, − 8 . 7 %t o4 . 2 % ,P = .50), missed intra-abdominal injuries (difference, 0.2%; 95% CI, −0.6% to 1.2%; P = .50), ED LOS (difference, −0.04 hours; 95% CI, −0.47 to 0.40 hours; P = .88), or hospital charges (difference, −$1180; 95% CI, −$6651 to $4291; P = .67; Table 2 ). One case of missed intra-abdominal injury occurred in the FAST group. This patient was a 13-year-old male struck by a car while riding his bicycle. He had a negative FAST examination and had normal liver transaminases. Following ED observation, the patient underwent abdominal CT for continued abdominal pain. Initial interpretation of the CT was negative and the patient was discharged home. The following day a pediatric radiologist reinterpreted the CT as showing a grade 1 liver laceration. The patient returned to the ED and was admitted for observation.
Nonprespecified Analyses
Hospitalization and laparotomy rates and time to CT were not significantly different between the 2 groups, but the hospital LOS was shorter in patients randomized to the FAST examination ( Table 2 ). All 9 patients undergoing laparotomy had abdominal CT scans performed in the ED prior to laparotomy. Fourteen patients (3%) were considered to have indeterminate FAST examinations by the treating physicians and all underwent abdominal CT scanning. Agreement in FAST interpretations between the treating physicians and the ultrasound expert reviewer was moderate (κ, 0.45; 95% CI, 0.30-0.60; Table 3 ). Among the 19 patients in the FAST cohort who had intra-abdominal injuries and intraperitoneal fluid on CT, the treating physicians' FAST interpretations were 5 positive, 10 negative, and 4 indeterminate. The ultrasound expert reviewer interpreted 6 positive, 12 negative, and 1 indeterminate.
In the FAST group, physician suspicion of intra-abdominal injury decreased after the performance of the FAST examination ( Figure 2) . The proportion of patients with physician suspicion of intra-abdominal injury of less than 1% increased after the FAST examination (change in proportion, 0.15; 95% CI, 0.11-0.18; P < .001). Similarly, the proportion of patients with physician suspicion of 5% or less increased following the FAST examination (change in proportion, 0.04; 95% CI, 0.02-0.07; P = .002). Among the 173 patients considered to have a risk of intra-abdominal injury of less than 1% after the FAST examination, none (0%, 95% CI, 0%-1.7%) were diagnosed with intra-abdominal injury, and 49 (28%, 95% CI, 22%-36%) underwent abdominal CT. Physicians documented changes in their plans to order CTs for 25 patients after the FAST examination. In 13 cases, physicians decided not to perform a planned abdominal CT following the FAST examination, and none were diagnosed with intra-abdominal injuries. In 12 cases, physicians decided to obtain an abdominal CT when a CT scan was not planned prior to the FAST examination. One was diagnosed with an intra-abdominal injury. In this case, the FAST examination demonstrated intraperitoneal fluid in the Morison pouch. After the development of peritonitis, the patient was found to have a jejunal injury. 
Discussion
In this randomized clinical trial of hemodynamically stable children treated in an ED following blunt torso trauma, the use of the FAST examination compared with standard care only did not improve any of the primary outcomes including resource use, ED LOS, missed intra-abdominal injuries, or hospital charges. Therefore, the study suggests that the routine use of the FAST examination in hemodynamically stable children with blunt torso trauma may not be useful.
These results differ from 2 earlier randomized clinical trials involving injured adults. 5, 6 Both studies demonstrated substantial improvement in clinical care (decrease in abdominal CT rate, complications, and charges) and improved patient throughput of the patients randomized to undergo the FAST examination. The current study identified decreased hospital LOS in the FAST group similar to 1 of the adult studies. 5 This finding, however, may be due to chance, and the clinical importance of this difference is unclear.
The results of a large, multicenter observational study of injured children suggested that children considered to be at low risk of intra-abdominal injury (ie, 1%-10% pre-FAST risk assessment of intra-abdominal injury) had a lower rate of abdominal CT scans if FAST examinations were performed. 8 In that study, the FAST examination had little effect on abdominal CT use in children considered to have a risk of intraabdominal of more than 10%. 8 A systematic review and metaanalysis demonstrated that the FAST examination has a negative likelihood ratio of 0.36 for hemoperitoneum, and therefore a negative result has the largest clinical effect on posttest probability of intra-abdominal injury when pretest suspicion is low. 4 However, the FAST examination should not influence clinical decision making regarding CT use when patients are considered at substantial risk. 4 Despite the findings of the 2 randomized clinical trials of adults and the large multicenter pediatric observational study, there is little prior evidence supporting the routine use of the FAST examination for children with blunt torso trauma. A singlecenter observational study (involving children) also questioned the utility of the FAST examination due to its limited sensitivity (50%). 11 Similarly, the results of a prospective observational study of 357 children undergoing FAST examinations also suggests that the utility of FAST examinations is low due to the low sensitivity (52%) and marginal negative likelihood ratio (0.50). These results led the authors to conclude that a negative FAST test result "aids little in decision making." 12 The results of our trial support this assertion because physicians did not frequently alter care based on the examination results.
In our study, the use of the FAST examination was associated with a decrease in physician suspicion of intra-abdominal injury. This decrease was primarily seen in children initially believed to have a 1% to 10% risk of intra-abdominal injury prior to the FAST examination. Changes in physician suspicion associated with the FAST examination, however, did not result in decreases in abdominal CT use.
This study excluded certain high-risk patients, such as those with hypotension, for whom the FAST examination may have the potential to be beneficial. The FAST examination is considered the standard of care at the study site in hypotensive injured adults 13 and has a reported sensitivity of 100% for hemoperitoneum in hypotensive injured children. 14 Including these high-risk patients in the current study may have improved the sensitivity of the FAST examination.
Limitations
This study has certain limitations. First, it was performed at a single site and specific aspects of clinical practice at the study site may have influenced the results. Participating physicians may have had preconceived notions regarding the utility of the FAST examination, which may have affected CT decision making and care provided. Therefore, the results may not be generalizable to other sites. A multicenter randomized clinical trial would more definitively answer the question regarding the utility of the FAST examination for injured children. Second, despite randomizing 925 patients, the study may not have been adequately powered to detect small differences in outcomes between the 2 groups or in different age strata. Third, a population with an approximate 5% risk of intraabdominal injury was targeted. This was chosen because of the limited test sensitivity of the FAST examination, and abdominal CT is likely indicated for most children with higher risk. Thus, FAST test characteristics in the current study given this selected patient population should be interpreted with caution. Fourth, the study measured and analyzed differences in charges between the 2 groups. However, charges do not reflect the true cost of care that was delivered to the patient.
Fifth, because the intervention being studied must be performed by the treating physician and the results known to the physician providing care, the study was not blinded. Research coordinators assessing outcomes, however, were blinded to study group assignment. Finally, agreement between the ED physicians and the ED ultrasound expert was only moderate. However, the aim of the study was not to assess agreement between physicians in the performance of the FAST examination but rather to evaluate the effect of the use of the FAST examination on clinical outcomes and resource use.
Conclusions
Among hemodynamically stable children treated in an ED following blunt torso trauma, the use of the FAST examination compared with standard care only did not improve clinical care, including use of resources; ED throughput; intra-abdominal injuries; or hospital charges. These findings do not support the routine use of the FAST examination in this setting. 
1.3
Secondary Objectives To evaluate the cost effectiveness of a clinical pathway that includes the FAST examination in children with blunt abdominal trauma.
INTRODUCTION
Background
Traumatic injury is the fifth leading cause of death in the United States but the leading cause of death during childhood. 1-2 More than 28,000 individuals younger than 24 years of age died from traumatic injuries in 2006.
1 Although injuries to the central nervous system are the leading cause of traumatic death, hemorrhage into the thoracic or abdominal cavity is the second most frequent cause, accounting for 30% of all traumatic deaths. 3 Abdominal ultrasound (US) has also evolved as a diagnostic test for the evaluation for intra-abdominal injury, but it is used primarily in injured adults. [4] [5] Advantages of abdominal US (compared to CT) include: bedside availability during initial ED evaluation/resuscitation, rapid (3-5 minutes) completion and data acquisition, ability for serial examinations, performance and interpretation by both ED physicians and surgeons, and lack of radiation exposure. Although the sensitivity of US for detecting intra-abdominal injury is not as great as that of CT, 6 its sensitivity for injuries requiring therapy is quite similar to abdominal CT 7 and its use as a screening test in the evaluation of the trauma patient may significantly improve clinical care. [8] [9] The Institute of Medicine considers research on the "clinical aspects of emergency care" in children a high priority topic, identifying specifically issues in treatment of children with intra-abdominal injuries and variation in provision of care to children with such injuries. [10] [11] Furthermore, the Pediatric Emergency Care Applied Research Network (PECARN) has identified "best practices in patient care" and "practice protocols" as top areas for future research in pediatric emergency medicine. 12 This proposal focuses on improving the safety and efficiency of the evaluation of children suffering from blunt abdominal trauma. Evidence from randomized, controlled trials in adult trauma patients indicates that implementation of an initial ED evaluation strategy, including immediate abdominal US, results in improved clinical parameters (decreased complications and hospital length of stay), safely decreased abdominal CT use, and decreased hospital costs. [8] [9] However, due to lack of definitive evidence (including the complete absence of randomized, controlled trials in children), abdominal US is not routinely used in the initial ED evaluation of children with blunt abdominal trauma. A survey of United States pediatric ED physicians indicates that <15% use abdominal US to screen children with trauma for intra-abdominal injuries, 13 similar to the rate of US use in a current observational study of pediatric abdominal trauma in the PECARN, in which the key investigators of this proposal (J.H. and N.K.) are involved. The primary objective of this proposed study addresses this gap in scientific knowledge by proposing a randomized, controlled trial of US use in the evaluation of children with blunt abdominal trauma. We will use rigorous methodology and a large sample size to identify with great confidence whether a strategy using abdominal US in the initial ED evaluation of injured children will improve care and promote the safety of traumatized children. If this study demonstrates the clinical utility of an evaluation strategy using abdominal US, the injured children evaluated for intra-abdominal injuries across the United States and their families and society at large would stand to benefit.
We propose a randomized, controlled clinical trial of abdominal US during the initial ED evaluation of children with blunt abdominal trauma. Currently, there is ample observational data on the performance of abdominal US in children with blunt abdominal trauma to suggest potential clinical utility of a strategy using abdominal US in the initial evaluation of children with blunt abdominal trauma. 6 Despite this observational evidence, trauma abdominal US has not achieved widespread acceptance for use in evaluating injured children. 13 The primary barrier preventing implementation of abdominal US in the initial evaluation of injured children is the lack of a randomized, controlled trial demonstrating utility and safety. 6, 13 We will conduct such a trial with sufficient sample size and methodologic rigor to provide Level 1 evidence regarding the safety and utility of an ED evaluation strategy including abdominal US. o Extremity paralysis o Multiple long bone fractures (e.g., tibia and humerus fracture) History and physical examination suggestive of intra-abdominal injury following blunt torso trauma of any mechanism (including mechanisms of injury of less severity than mentioned above)
Exclusion Criteria
Patients will be excluded for any of the following: Hypotension (Hemodynamic instability): Patients are excluded for prehospital or initial ED hypotension. This is because the standard evaluation of these patients involves immediate abdominal ultrasound based on prior work by our group. Hypotension is determined based upon the patient's age. We will continue to provide the standard of care which involves radiology performing the FAST examination to those patients who are hypotensive. Prehospital GCS score 8. Prisoners are not included.
Randomization/Registration
Patients meeting enrollment criteria will be randomized to the US arm or no-US arm using computer-generated randomization in blocks of 20. This will ensure that for each 20 enrolled patients, 10 will be enrolled into the US arm, and that confounding variables (either known or unknown), will likely be equally distributed between study arms. To ensure allocation concealment, opaque envelopes created by the research coordinator (RC) and available in the ED will reveal the random assignment and contain the appropriate data collection form.
STUDY TREATMENT (OR INTERVENTION)
5.1 Regimens (or Intervention), Administration, and Duration
All ED physicians who are participating in this study are required by the UCDMC ED to be certified in performing abdominal US for trauma (i.e. the FAST examination) based on guidelines established by the American College of Emergency Physicians. All US examinations will be performed by the faculty physician and recorded on the US hard drive.
On occasion, based on perceived clinical necessity, the faculty physician caring for a patient in the no-US arm may perform a US. This will be permitted by study protocol, as we cannot allow the conduct of this study to interfere with patient care needs perceived by the faculty physician. We expect, however, that this will occur rarely at most because US is not currently routinely performed on hemodynamically stable pediatric trauma patients at UCDMC. Analysis, however, will be conducted on the basis of random US assignment (i.e., "intention to treat analysis").
Bedside US examinations will be performed on patients randomized to the US arm by the ED physicians providing care to the patient. As previously described, these physicians will be certified in trauma US prior to the start of the study as required by the Department of Emergency Medicine at UCDMC. US examinations will be performed using a portable US scanner with 3.5 MHz and 5.0 MHz curvilinear transducers. We will , and long and short axis of the pelvis. There will be no attempt to image the solid organs, as this is not routine in the standard FAST examination. All US examinations will be uploaded and backed up at the central Department of Emergency Medicine ultrasound server. Image archival will be through password protected Osirix image data management software. ED clinicians caring for the patients will make bedside interpretations and record them on the data collection forms. For purposes of analysis, bedside US examinations will be classified as positive if any intraperitoneal fluid is identified and classified as negative if no such fluid is noted.
The ED clinician will also document the location of fluid on all positive examinations.
US interpretation verification process: For the purposes of this study, all US examinations will also be presented for interpretation to a single, experienced ED ultrasonographer (John Rose, MD.) co-investigator who is trained in ED ultrasound, the Director of ED Ultrasonography, and a Registered Diagnostic Medical Sonographer (RDMS). Dr. Rose will evaluate the archived US images (masked to all clinical data) as "positive" for intraperitoneal fluid or "negative" for intraperitoneal fluid, as described above. These will be performed within one week of the image being obtained. The interpretation of the US by the study ultrasonographer will be recorded on a separate data collection form ("blinded US interpretation"). Any discrepancies between the interpretation of Dr. Rose and the caring ED clinician will be notified to either James Holmes, MD (Study PI) or Nathan Kuppermann, MD (study Co-PI).
In addition, the study radiologist (Sandra Gorges) will review US examinations. This radiologist co-investigator will review the US images for the presence or absence of intraperitoneal fluid in a method similar to that of the ED physician ultrasonographer. Dr. Gorges will confirm any discrepancies identified by Dr. Rose.
Patient follow-up procedures: 1. Hospitalized patients: Patients will be hospitalized at the discretion of the treating physicians. Data from each patient's electronic medical record will be collected for determination of outcome status.
Patients discharged home from the ED:
The guardians/parents/responsible family member of all patients will receive an information sheet describing the study. This information sheet will notify guardians of patients discharged from the ED that they will be contacted by telephone by the RC one to two weeks after the ED visit. The RC will complete this telephone survey in order to document any possible missed intraabdominal injuries (as determined by return visit to a healthcare facility during which an intra-abdominal injury is documented). If we are unable to contact the patient's guardian after six telephone follow-up attempts extending to three months after the initial ED visit, we will review the patient's electronic medical records and ED and trauma continuous quality improvement records to identify any study patients with possible missed intra- Missed eligible patients: Although we anticipate that most (90% based on prior studies) eligible patients will be enrolled in the study, it is inevitable that some eligible patients will inadvertently be missed. These patients will be identified by the RC on review of the ED patient log and basic information about these patients will be documented on a separate data collection form. This will allow some general comparisons between enrolled and missed patients in order to assess the possibility of enrollment bias.
Data entry (and confidentiality): The RC will review data form completion and accuracy, and retrieve missing information from the patient medical record, if applicable. The study data collection forms will be kept in a locked cabinet in a locked office in the Emergency Medicine offices. The data collection forms will not have the patient name or medical record number (these will be kept separately on a separate piece of paper (also locked in a cabinet in a locked office). All data will be stored on computers that are password protected. The data will be disconnected from the medical record number once data collection is completed. 
RANDOMIZATION
Sample Size and Accrual
The sample size is 925 patients with blunt torso trauma.
DATA COLLECTION AND MONITORING AND ADVERSE EVENT REPORTING
Records to Be Kept
Data collection forms (DCFs) will be provided for each subject. Subjects will have a patient identification number placed over their medical record numbers on the data collection forms. Subjects will be identified by patient identification number.
Expedited Adverse Event Reporting to
We will report all adverse events to the IRB. A serious adverse event will include a missed intra-abdominal injury (identified after the child is discharged from UC Davis) and this will be reported immediately to the IRB. An adverse event will include an abdominal ultrasound examination identified incorrectly by the examining physician in the ED. This will be considered to occur when both Dr. Rose and Dr. Gorges are independently in agreement that the study was interpreted incorrectly. These events will also be reported to the IRB. The study may be discontinued at any time by the IRB, the investigators, the Data Safety Monitoring Board, or the funding agency. The Data Safety Monitoring Board will review data two times during patient enrollment (per the DSMB charter).
PUBLICATION OF RESEARCH FINDINGS
Publication of the results of this trial will be governed by routine publication policies.
.
Sample Size Calculations
During the 33-month period from May 2007 to January 2010, we enrolled 1,491 patients with blunt abdominal trauma at UCDMC (91.0% of eligible patients) into the current PECARN multicenter blunt abdominal trauma study (this is an observational study to derive an intra-abdominal injury prediction rule). Thus, 45.2 patients/month were enrolled. Furthermore, the PECARN multicenter study had less stringent enrollment criteria than that developed for the current proposal. Thus, we anticipate somewhat fewer eligible patients for the currently proposed study. By evaluating those patients enrolled into the PECARN study, we anticipate that at least 35 patients/month will meet the currently proposed study's inclusion/exclusion criteria. Due to a variety of reasons, it is likely that not all patients will be enrolled. For the current study proposal, we ultimately anticipate enrolling an average of 32 patients/month (90% capture rate).
For the purpose of the sample size calculation, our primary outcome measures are abdominal CT rate (Specific Aim 1a), length of stay in the ED (Specific Aim 1b) and medical costs (Specific Aim 2). All sample size calculations that follow assume an alpha error of 0.05, under two-sided hypothesis testing, and beta error of 0.20 (power = 80%).
Specific Aim 1a:
To compare the rates of abdominal CT scanning in those children in the US study arm versus those in the study arm not undergoing US during their initial evaluation. We would consider US to lead to a clinically important reduction in the rate of CT use if the absolute decrease in CT rate were at least 10 percentage points. Based on our current enrollment in the PECARN observational abdominal trauma study, the current baseline CT rate among eligible patients at UCDMC is 59.6%. Therefore, assuming an equal number of patients assigned per arm, we estimate our sample size based on a rate of abdominal CT use of 60% in the no-US arm and 50% in the US arm (i.e., minimal clinically important difference to detect). We performed a sample size calculation based on time spent in the ED before disposition (hospitalization or discharge). For this calculation, we considered one hour to be a clinically important difference to detect time to disposition between the study arms. To perform this sample size calculation, we gathered data on trauma admissions and discharges at the study site over a 12-month period. Trauma patients admitted had a mean time in the ED of 8.1 hours (standard deviation (SD) = 4 hours). Patients discharged to home had a mean time in the ED of 5.1 hours (SD = 3 hours). Thus, for Specific Aim #1b, we would require 504 admitted patients and 284 discharged patients (788 total patients) to detect a one-hour difference in ED stay between arms. Based on our current pediatric trauma data, among eligible patents, 60% are admitted to the hospital. Thus, 19 admitted patients and 13 discharged patients would be enrolled/month. Therefore, we will require 26.5 months of patient enrollment to reach the sample size for admitted patients and 21.8 months for discharged patients.
Specific Aim 1c: To identify if an ED evaluation strategy with abdominal US results in more cases of missed or delayed diagnosis of clinically-important intra-abdominal injuries than a strategy not employing US.
In the current PECARN observational blunt abdominal trauma study, there have been no delays in diagnosis (i.e., patients diagnosed with intra-abdominal injury in the hospital after ED disposition) among the 100 patients with intra-abdominal injuries at UCDMC, and no patients with missed intra-abdominal injuries have been identified. Although these outcomes are very important, they are of insufficient frequency to be used for sample size determination. We will simply identify and report any cases of missed or delayed diagnoses in both the US arm and no-US arm.
Specific Aim #2: To evaluate the cost-effectiveness ratios of US and no-US evaluation strategies in children with blunt abdominal trauma.
We performed a sample size calculation to identify a 15% reduction in costs per patient (what we determined to be a minimally clinical important difference) in the US arm. To perform this sample size calculation, we collected cost data for 18 consecutive pediatric trauma patients at UCDMC deemed eligible for the study. The mean cost for an eligible patient was $36,491 (SD = $29,537). Given the other sample size calculation, identifying a significant difference between arms in hospital costs will drive the sample size for this study. Thus, we will need to enroll patients for 28.75 months. We will plan for approximately 30 months of patient enrollment to ensure that we meet the planned sample size.
Project Evaluation/Data Analysis
We will explore the impact of US use on clinical outcomes and resource utilization by comparing the outcomes between arms using the statistical methods described below. The analysis will be performed on the primary outcome variable (as noted in the Specific Aims). We will also perform secondary analyses on the additional outcome variables.
